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matter being deleted from the specification of record. The Substitute Specification does not include 
new matter. 

In addition, by the present amendment, claims 1-27 have been amended to conform to U.S. 
Practice and to correct other informalities. These amendments are not considered to narrow the 
scope of the claims. 

The Applicants respectfully submit that no new matter has been added by this Preliminary 
Amendment, and respectfully requests entry of this preliminary amendment. 

CONCLUSION 

In view of the foregoing amendments and remarks, the Applicants respectfully submit that 
the pending claims in the above-identified application are in condition for allowance, and a notice 
to that effect is earnestly solicited. 

If the present application is found by the Examiner not to be in condition for allowance, the 
Applicants hereby request a telephone or personal interview to facilitate the resolution of any 
remaining matters. Applicants' attorney may be contacted by telephone at the number indicated 
below to schedule such an interview. 
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The U.S. Patent and Trademark Office is authorized to charge any additional fees incurred 
as a result of the filing hereof or credit any overpayment to our deposit account #19-0120. 



Respectfully submitted, 

LUTHJE, Holger et al., Applicants 



Jodi/^in McLane, Reg. No. 36,215 
Applicants' Attorney 
SALTER & MICHAELSON 
321 South Main Street 
Providence, Rhode Island 02903 
Telephone: 401/421-3141 
Facsimile : 401/861-1953 
Customer No. 000987 
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Version with marking to show changes to claims 



1 . (Amended Once) A steering device for vehicles[, comprising;] including a steering shaft, 
the steering device comprising: 



shaft, and a circuit [(40)] for evaluating the measuring signals of the sensor [(35)], [characterised in 
that]; 



device that is connected to the steering shaft in a non-positive manner, that a sensor [(35)] is 
provided, which detects the microstructures [(31)] and outputs associated measuring signals, and 
that an electronic circuit [(40)] is provided, to which the measuring signals of the sensor [(35)] are 
fed and which outputs electronic signals for steering. 

2. [A] The steering device [according to] of claim 1, [characterised in that] wherein the 
microstructures [(31)] form a succession of sequences arranged in an axial direction on the steering 
shaft [(20)] and/or the device non-positively connected thereto. 

3. [A] The steering device [according to] of claim 2, [characterised in that] wherein each 
sequence comprises multiple and/or single structures arranged spatially in an azimuthal and/or axial 
direction and containing individual or block-type coding. 

4. [A] The steering device [according to] of claim 2 [or 3], [characterised in that] wherein the 
sequences contain bit coding. 



[a steering shaft [(20)],] a sensor [(35)] for determining the movement of said steering 



coded microstructures [(31)] are provided on the steering shaft [(20)] and/or on a 
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5 . [A] The steering device [according to any] of claim[s] 2 [to 4] , [characterised in that] wherein 
a plurality of sequences are combined in a block, the blocks being distinguishable from each other 
by coding. 

6. [A] The steering device [according to any] of claim[s] 2 [to 5], [characterised in that] wherein 
the sequences arranged in an axial direction are present in redundant form, offset parallel more than 
once over the periphery of the steering shaft [(20)] and/or device. 

7. [A] The steering device [according to any] of [the preceding] claim[s] 1, [characterised in 
that] wherein the microstructures [(31)] are in complementary form. 

8. [A] The steering device [according to any] of [the preceding] claim[s] I, [characterised in 
that] wherein the smallest details of the microstructures [(31)] have lateral dimensions of 5 nm to 
5 mm. 

9. [A] The steering device [according to] of claim 8, [characterised in that] wherein the smallest 
details of the microstructures [(31)] have lateral dimensions of 1 \im to 1 mm. 

10. [A] The steering device [according to] of [any of the preceding] claim[s] 1, [characterised 
in that] wherein the microstructures [(31)] have a thickness of 5 nm to 1 mm. 

11. [A] The steering device [according to] of claim 10, [characterised in that] wherein the 
microstructures [(31)] have a thickness of 100 nm to 100 ^m. 
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12. [A] The steering device [according to any] of [the preceding] claimfs] 1, [characterised in 
that] wherein the microstructures [(31)] have a level surface and are levelled by a [planarising] 
planarizing method. 

13. [A] The steering device [according to any] of [the preceding] claim[s] 1, [characterised in 
that] wherein the microstructures are built up from or covered with tribological hard-material layered 
systems. 

14. [A] The steering device [according to] of claim 13, [characterised in that] wherein the hard- 
material layered systems are single films or multi-layer films of TiN and/or TiAIN and/or TiCN 
films and/or aluminium oxide films and/or amorphous diamantine hydrocarbon films with and 
without metal doping and/or amorphous CN films and/or cubic boron nitride films and/or diamond 
films. 

15. [A] The steering device [according to any] of [the preceding] claimfs] 1, [characterised in 
that] wherein the sensors [(35)] are arranged in the form of a line and/or array. 

16. [A] The steering device [according to any] of [the preceding] claim[s] 1, [characterised in 
that] wherein the sensors [(35)] are optical sensors. 

1 7. [A] The steering device [according to] of claim 1 6, [characterised in that] wherein the sensors 
[(35)] are optical fibreglass sensors. 

1 8 . [A] The steering device [according to] of claim 1 7 a [characterised in that] wherein the sensors 
[(35)] are fibre-optical double or multiple sensors. 
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19. [A] The steering device [according to any] of claim[s] 16 [to 18], [characterised in that] 
wherein the microstructures are in the form of a reflection hologram. 

20. [A] The steering device [according to any] of claim[s] 1 [to 15], [characterised in that] 
wherein the sensors [(35)] are magnetic sensors. 

21. [A] The steering device [according to] of claim 20, [characterised in that] wherein the 
magnetic sensors are in a linear arrangement for reading a multi-bit code, particularly an 8-bit code. 

22 . [A] The steering device [according to] of claim 20 [or 2 1 ] , [characterised in that] wherein the 
sensor [(35)] has a reading head with polar structures arranged on an arc matching the diameter of 
the steering shaft [(20)]. 

23. A method of making a steering device [according to any of the preceding claims, 
characterised in that the] including a steering shaft, the method comprising the steps of: 

applying coded microstructures on the steering shaft [(20)] or on [the] a device non-positively 
connected to the shaft [are produced] using thin film methods, and that structuring is effected by 
photo-lithographic methods[.]; 

detecting the microstructures and outputting an associated measuring signal: and 
evaluating the measuring signal to determine appropriate action for steering control. 

24. [A] The method [according to] of claim 23, [characterised in that] wherein the thin-film 
method is a PVD and/or CVD method. 
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25. [A] The method [according to] of claim 23 [or 24], [characterised in that] wherein the 
microstructures are formed by a dry etching process and/or a wet-chemical etching process. 

26. [A] The method [of making a steering device according to any] of claim[s 1 to 22] 23 , 
[characterised in that] wherein the microstructures are produced by a laser beam process. 

27. [A] The method [according to] of claim 26, [characterised in that] wherein the laser beam 
process used is a direct-writing laser ablation process and/or a laser-lithographic process and/or a 
direct-action mask-related laser-structuring process. 

F :\Data\EINSElAAM ENDM EN\Luthje02 5 72prel imary amendment, wpd 
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St ee r i ng d e vic e for v e hic l e3§ TEE R^^ 

r~~ ~ [ ~L ~" ~ " I^GKGROm^D 

1. The invention relates to a steering device for vehicles, comprising a 
s teering shaft, a 3cnsor for determining the movement of said steering 
s haft, and a circuit for evaluating the measuring signals of the 
sensor.tT^MicallFi^ldl 

p^ieutoto 

the mo^emerikof thfev steering sh^ and a circuit for evaluating the measuring 

s^nal^l^fsbnsori 

E^Kground^ 

Vehicle steering mechanisms may take different forms. Rack st eer ag e is 
us e d particularly often. A driver e x e rts a to r que on a steering column via a steering 
wheel . Rack an&piiiion steerage is used particularly often. With rack steeragej 
f driver? exeriife^ power 
transmission then continues via a pinion, i.e. a gear wheel, to a rack. Longitudinal 
movement of the rack is also longitudinal movement of a steering shaft in or on 
which the rack is mounted. The steering shaft in turn moves the steering gear, with 
the vehicle wheels arranged on it and steered in this manner. 

To assist the direct power transmission by the driver it is further known, in 
hydraulic power-assisted steering mechanisms, to provide a pressure chamber in 
which runs a piston fixed to th e steering shaft . I Longimdinal movement of thefrack 
^sults in longitudinal steering shaft in, or on which, the rack is 




2 



1 mounted* The ^steering shaft in turn moves the steering gear, with the vehicle 

2 wheels arranged^ on it, and is steered in this manner. 
3 

4 ;To assist the direct power transmission by the driver it is also known to use 

5 hydraulic power-assisted steering mechanisms, in which a pressure chamber runs 

6 a piston fixed^to the steering shaft] By controlling the pressure in the chamber 

7 filled with hydraulic oil the piston can be moved, thereby assisting the steering 

8 gear in addition to the power transmission by the driver. Alternatively the pinion 

9 driv e may be assist e d by an electric motor .Altern ati vely , the pinionidf ivejni^ b^ 
10 jassisted by an electric motor j 

11 

12 In order to provide these various forms of assistance it is naturally 

13 desirable to have a measuring signal available which correlates with the state of 

14 the steerage. The signal could then take over appropriate control to boost th e 

15 steering, for power-assisted steering and similar purposes and also allow s e lf- 

16 r e gulating systcms.fe tEh^ 

17 the Ste aric 

18 jf§£^^ Over and above the control of the servo mechanism, 

1 9 allowance should also be made for boosting measures to optimise the steering and 

20 attenuation action of motor vehicles or simultaneous control of all four wheels and 

21 other intelligent steering systems. 
22 

23 Various proposals have already been made for obtaining a signal which 

24 correlates with the state of the steerage. 
25 

26 Thus it is proposed in DE 40 2 9 764 Al to arrang e l e ngth measuring means 

27 between the steering whe e l and the front axl e , r e sponding to displacement of the 

28 st e ering rack. Thus, ifr is proposed in DE 40 29 764 Al t o arrange length 

29 measuringfemfearis^betweeri the steering wheel and the front axle, responding to 

30 jdisjpla^ steermg rack; Inductive or ohmic devices are proposed for 
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these means.-HA design with two magneto-resistive sensors is known from EP 0 
410 583 Bl . H e re th e magnetic coupling is changed on movem e nt of the steering 
shaft, t hus enabling the position to be determined. I Iowevcr this involves changing 
the geom e try o f the steering shaft and also providing it with a gro o v e , which apart 
from the expense gives it a c e rtain susceptibility to trouble. EP 0 376 456 D 1 also 
op e ra te s with a magnet. I t is ar r anged on the steering shaft and surrounded by an 



induction coil. j- Here, the magnetic coupling is changed on ^ movementfolflth e 
s teiettn j gsha^ ^ 



ichan jingt!^^ 



jwHi chtap^frbmithe expense, gives it a certain susceptibility to trouble. 'WMQB^l 6; 



45J|^ 



suMounded)foyM&^ JA change in induction can be associated with a 

change in displacement. 

Steering angle sensors operating with magnetic field sensors, so-called 
Hall sensors, are known from DE 197 03 903 Al and DE 197 52 346 Al. 

These known proposals have the drawback that measurement only allows 
restricted accuracy Hj Another problematic feature is that the measurements are 
relative, so that measuring errors add up over time. The p r oposals are not th e refore 
practicable for use in intelligent steering systems. 



The proposals are not; therefore, practicable for' u se in intelligent steering 
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1 It is known from DE 37 03 591 C2, in a rack steering mechanism at the 

2 end of the steering column, to measure the rotary angle of the column by 

3 appropriately acting on an induction coil or a piezo power-measuring cell. 

4 Howeve r the end of the steering column also carries th e pow e r transmission to th e 

5 steering rack and is both structurally confined and unfavourable for measurem e nts, 

6 particularly as a g r eat deal of malfunctioning may tak e place thereJ j^y^^tl^ 

7 jendiofithtesteerin^ 

8 andiisiboth structurally confined and unfavourable for measurements, particularly 

9 asia greattdeal of malfunctioning may take place there i 
10 

11 The problem of the invention is to propose a steering device in which — tt-ts 

12 p ossible to pick up a signal cor re lating with the state of the steering m e chanism 

13 and more suitable for controlling int e llig e nt steering systems of that type. 
14 

15 The problem is solved, in that coded microstructures are p r ovid e d on the st e ering 

16 shaft and/or on a devic e that is connected to the ste e ring shaft in a non-positiv e 

17 manner, that a sensor is provided, which detects the microstructures and outputs 

18 associat e d m e asuring signals, and that an electronic circuit is provid e d, to which 

19 th e measuring signals of the senso r are fed mid which outputs electronic signals 

20 to control th e stee r ing. 
21 

22 There is, therefore, needed in the ar t a steering device in which it is 

23 possible to/pick up a signal correlating with th e state of the steering mechanism 

24 iand m<jre suitable for controlling intelligent steering sy stems of that type! 
25 

26 SUMMARY! 

27 The present invention is directed to a steering device which includes coded 

28 microstructiires the steering shaft and/or on a devicfe that 

29 is connected to the steering shaft in a non-positive manner; a sensor which detects 
3 0 the microstructures and outputs associated measuring signals; and an electronic 
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1 circuiteto^ of the sensor are fed, and which outputs 

2 blectrtiriic signals- to control the st eering: 
3 

4 The invention proposes a steering device for vehicles which allows 

5 absolute measurements of position. The disadvantages of the state of the art no 

6 longer exist, j Therefore, the disadvantages associated with the state of the artmd 

j . 

7 longer exist. The steering device according to the invention is more accurate and 

8 supplies reproducible measuring signals .-^Regulation and/or control of the 

9 movement of the steering shaft becomes possible, particularly for intelligent 
10 steering systems. 

11 

1 2 Advanced surface techniques with processes indicating the microstructure 

1 3 are thus combined with a high-resolution sensor, i.e. a detection system, with an 

1 4 appropriate electronic circuit.-yThe term "microstructures" refers here to structures 

1 5 with dimensions in the micrometer range. 
16 

17 The term "detect" refers particularly to processes where contact-free 

18 recognition takes place, preferably optically or magnetically. How e v e r oth e r 

19 detection methods which read, sense, feel o r otherwise r ecognise also come into 

! ■' — -rr--- ; — »— 7 — — ...^ __, _____ 

20 consideration.Howeyer, other .detection methods which read, sense, feel or 

21 btheiwise;reeogm^ 
22 

23 The invention allows absolute determination of the position of the steering 

24 shaft in a rapid, high-resolution and reliable manner, with resolution in the low 

25 micrometer range. Falsification or trouble from electromagnetic fields or in the 

26 region of the steering mechanism either does not take place or is negligible. 
27 

28 The invention may be applied successfully in particular to advanced, so- 

29 called intelligent steering systems. 
30 
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1 It is possible to equip the actual steering shaft with microstructures. The 

2 disadvantage of doing so would be the difficulty of manipulating the whole shaft 

3 during the fitting process. In order to avoid this, small e r, inte r changeabl e el e ments 

4 which can be non-positivcly conn e cted to the steering shaft, e.g. in bar form, may 

5 be appropriately equip p ed then inscrted.In order to avoid th is, sma ller j 

6 interchangeable elements which? can be non-positively connected to the- steering 

7 bhaft; ^;g. ^ equipped!. then inserted 
8 

9 Th e microstructures arc advantageously formed so that they contain suitable 

10 coding, allowing th e position of the steering shaft to b e d e t e rmined absolutely. 
11 

12 [The microstructures are advantageously ^fqjnned so that they ^contain 

1 3 Suitable coding, fallb wing the position of the steering shaft to be determined 

14 accurately. | 
15 

1 6 The microstructures are preferably detected by optical scanning methods, 

17 particularly using elements from microsystem technology. Microsystem 

1 8 technology is understood here as the fields of microstructure technology, micro- 

19 optics and fibre optics. Microlenses with diameters down to about 10 |im and 

20 focal lengths of the same order of magnitude may be used.ijlf glass or other fibres 

2 1 and very small diameters are used, the microlenses can be fixed directly on the end 

22 face of the fibres.-yThe entire system may have Y branches and is integrated with 

23 individual modules to form a compact microsystem. The modules may if 

24 appropriate b e spatially offs e t over the optical fibres - for exampl e to allow 

25 opto e lectronic compon e nts and th e evaluating electronic means to be operat e d 

26 optimally within low-temperature ranges.[ I^ 

27 spatially offset ; oyei^ the optical fibres : ? for example to allow optoelectronic 
2 8 compbhents and the evaluating e^ means to be operated optimally within 
29 Ibw temperatxire ranges] 

30 



Tribologically suitable film systems are advantageously applied to the 
steering shaft or to a linear means connected thereto without play, described as a 
device or measuring device. This may be done by thin film processes which have 
proved successful in other industrial fields. Special microstructures are produced 
by high-resolution structuring and etching processes. The microstructures are 
constituted so that they can be read by the sensors. 

The optical contrast, i.e. the difference in reflectivity, of the 
microstructures to the steering shaft surface below them may for example be 
modified, so that the pattern can be optically recognised by means of miniaturised 
fibre optical systems. Another example is to make the microstructures in the form 
of a reflection hologram, with coding as in the previous example (segment-wise) 
and with reading effected by a suitable miniaturised optical system. The 
functional layer may be crystalline or amorphous and the hologram may be written 
in a phase or angle code. The hologram may function in one frequency range 
(monochromatic) or more than one (coloured), and the information may be written 
(to the hologram) by a digital or analog process. 



Other physical methods may be e mployed instead of or as well as optical s e nsors 
or optically d e t e ctable mic r ostructures. Thus microstructures may also be formed 



in magnetic films, e.g. CoSm or NdFcD. ^|her physical methodsrm 
bmplb^dffinsteiadv^of, or as well as^ optical sensors or optically detectable 



microst jui£t^ may also be formed in magnetic fifflsi eigi 



jGdSmfor^NdEeB. : s The sensors could then in particular be magnetic sensors, 



otherwise used in data storage technology. 



Microstructures are produced on the steering shaft or on the device non- 
positively connected thereto in the form of incremental markings.! (Tribologically 
optimised layer systems are preferred, using high-resolution lithographic or laser 
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1 technology methods suitable for three-dimensional applications. The lithographic 

2 methods considered are of the photo, electronic, X ray and/or ionic type. 
3 

4 Multiple-layer or composite structures may equally be employed. 

5 

6 The patterns formed are preferably dimensioned in micrometers .^The 

7 layer systems, combined with an appropriate sensory recognition system, enable 

8 the current position to be determined absolutely, to an accuracy of only a few 

9 micrometers. 
10 

11 In an advantageous embodiment of the invention two complementary, 

12 parallel patterns are provided with suitable coding, e.g. bit coding. In one 

13 embodiment the marking structure comprises strips which are optically 

14 distinguishable by reflection, the strip patterns containing binary L/O coding. 
15 

16 In this way the displacement-measuring system, which may be fully 

1 7 integrated into the steering mechanism, can recognise the current absolute position 

18 of the steerage in every operating phase by means of the bit coding. 
19 

20 Various patterns are possible. For example a dual code, a Gray code or 

21 even stepped codes known per se from relevant mathematical processes may be 

22 used. 
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1 

2 It is particularly preferable to use optical sensors, especially fibre-optical 

3 double sensors, for scanning the markings and microstructures. Multiple sensors 

4 are also possible, especially in array form. 
5 

6 In a preferred method the microstructures are produced by applying thin 

7 film techniques. These techniques are advantageously PVD (physical vapour 

8 deposition) and/or CVD (chemical vapour deposition). As already mentioned, 

9 structuring is effected by lithographical processes. 
10 

1 1 The microstructures can also be formed by dry etching and/or wet chemical 

12 etching. 
13 

14 Alternatively they may be made by laser beam techniques, e.g. direct-writing las e r 

15 ablation p rocesses and/or lase r -lithographic processes and/o r direct-action, mask- 

16 related laser structuring methods. 
17 

1 8 jMtem^ 

19 jvmtil]^ 

20 bctiony mkskrfelate 
21 

22 The microstructures are preferably built up from tribological hard-material 

23 layered systems.-!-] Single or multi-layer films may be used. They are preferably 

24 made of titanium nitride (TiN) and/or titanium aluminium nitride (TiAIN) and/or 

25 titanium carbonitride (TiCN) films and/or aluminium oxide films and/or 

26 amorphous diamantine hydrocarbon films with or without metal doping and/or 

27 amorphous diamantine carbon films with or without metal doping and/or 

28 amorphous CN films and/or cubic boron nitride films and/or diamond films. 
29 
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1 Embodim e nts of th e i nv e nt i on ar e e xpla i n e d b el ow w i th r e f e r e nce to th e 

2 accompanying draw i ngs, in wh i ch: 

3 . 

4 Fig. 1 is a diagrammatic section through essential elements of an embodiment of 

5 a steering device according to the invention: 
6 

7 Fig. 2 is an alt e rnative embodim e nt to Fig. 

8 f^r^— ~— 

9 Itlflroffl 

10 illlfstfation on 

1 1 ifb^goi^ 

12 gwljlbesplr^^ 

13 pK gpjlge^^ 
14 

15 fil ^r^l ?flsia4ia gr|to^ of an embodiment of 

16 a steering device accO 
17 

18 

19 Fig. 2 is an alt e rnative embodim e nt to Fig. FIG. 2 is an alternative 

20 jeMbodlmei^oJl^ 1; 
21 

22 Fig. 3 is a diagrammatic repres e n t ation of a mic r osyst e m-type sensor system for 

23 an embodiment of t h e st e ering device according to th e invention; 
24 

25 Fig. 4 is a d e tail e d representation of a member from Fig. 3; 

26 

27 Fig. 5 is a detailed representation of an alternative embodiment of that member 

28 from Fig. 3; 
29 
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1 Fig. 6 is a detail e d r e pr e sentation of anoth e r member from Fig. 3; 

2 

3 Fig. 7 shows an example of a mic r ostructure; 

4 

5 Fig. 8 shows an alternative embodiment of Fig. 7; 

6 

7 Fig. 9 shows another alternative e mbodiment of Fig. 7; 

8 

9 Fig. 10 is a diagrammatic section through a microstructur e ; 

10 

1 1 Fig. 1 1 shows the Fig. FIG. 3 is a diagrammaticiTepresentation of a microsy sfem4 

12 jtylifsf^ 

13 invention; 
14 

f '■■ -«r-'-.~?-,- — ;•• — ^ — * — - ?y ~~.~« i? .»:-~v- ; ; ■ ^ ~.- r 3 

15 FI<3. 4^ member from FIG^; 3 \ 

16 

17 FIG. 5 is a defiled? representation of an alternative embodiment of tllat 

18 ^^^I^^M^^^Si 
19 

20 FI G . 6 ^ of another member from FIG. 3 ; 

21 

22 FIG. 17 Shows an example of a microstructure; 

23 

24 FIG. 8 ^hows an attend of FIG. 7; 

25 

26 FIG ^shbws another alternative embodiment of FIG; 7; 

27 

28 FIG; 10 is% diagrammatic section through a microstructurej 

29 
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1 FIG. 1 1 shows the FIG i 1 0 embodiment after a possible further processing 

2 step; 
3 

4 Fig. 12 is a diagrammatic section through anoth e r e mbodim e nt similar to Fig. 10; 
5 

6 Fig. 13 is a diag r ammatic section through a third embodiment similar to Fig. 10; 
7 

8 Fig. 14 shows the Fig. FIG. 12 is a diagrammatic section through another 

9 embodiment similar to FIG. 1 0 ; 
10 

1 1 FIG. 13 is a diagrammatic section through a third embodiment similar tc| 

12 ^3 

13 

14 FIG. 14-sho^ 1 3 embodiment after a possible further processing 

15 step; and 
16 

17 Fig. 15 is a diag r ammatic r ep r esentation of an embodiment of a s e nsor. FIGi 

1 8 jl5 is aidiagrammatic repfesentation of an embodiment of a sensofj 
19 

20 

21 l& Mrsti^ steering device, according to the invention ds 

22 sl^vmfihy^ 10, inside which there is a 

23 pressureichamber 11 containing hydraulic oil 1 2, the chamber 1 1 being nearly full 

24 bf oilvl2 as;shovynJ The oil 12 is under a pressure p. H e r e th e mounting block 10 

25 is r e pres e nted purely diagrammatically; it is substantially cylindrical he r e, with 

26 conside r able proportions of the block extending out of Fig. 1 to the r ight. 

27 In FI0.fl the mounting block 10 is represented purely diagrammatically; it is 

28 Substantially cylindrical here^ with considerable proportions of theiblockextending 

29 bufeoii[fe >ij 

30 
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1 

2 The steering shaft 20 runs approximately along the cylinder axis of the 

3 mounting block 10 ylt thus extends through the pressure chamber 1 1 with the 

4 hydraulic oil 12. The shaft 20 is provided with a steering rack 21, indicated licic 

5 mftgr^^^^^^^^l^^^M^^^^^^^^^I^^S^^ 1 by 

6 corresponding tooth signs. The rack 21 is driven by a pinion 22.-§jThe pinion is 

7 coupled to the steering mechanism of a vehicle (not shown). When the steering 

8 wheel e.g. of a passenger car is turned the corresponding torque is transmitted 

9 through the pinion 22 to the rack 2 1 and displaces the whole steering shaft 20 with 
10 it along the axis through the mounting block 10. 

11 
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1 

2 A piston 23 is also seated on the steering shaft 20 with a non-positive 

3 connection thereto.- It is arranged inside the pressure chamber 1 1 and thus in the 

4 hydraulic oil 12 5 whereas the pinion 22 and rack 21 are located outside the 

5 chamber 1 1 . 
6 

7 
8 

9 The steering shaft 20 thus passes through the wall of the pressure chamber 

10 1 1 in two places.1 jBoth places are sealed by seals 24, preferably Viton seals The 

1 1 piston 23 moves along with the shaft 20 by virtue of its non-positive connection 

12 thereto .-j$Ji fills the entire cross-section of the chamber 11. The piston 23 and 

13 thus the stee r ing shaft 20 can cons e quently be moved by changes in the pr e ssur e 

14 of the hyd r aulic oil 12. ^he piston^ 23, andi^thusi the steering shaft i20, can 

1 5 cons^u^lyibfe moved by change j This 

16 is a common method of strengthening the forces exerted by the user of the vehicle 

1 7 through the pinion 22. 
18 

19 
20 

21 Suitable diameters for steering shafts 20 are about 20 to 40 mm, suitable 

22 diameters for pressure chambers 1 1 about 40 to 70 mm, steering shafts 20 may e.g. 

23 have lengths of the order of 800 mm, and the length of the pressure chamber 1 1 

24 may e.g. be 200 to 400 mm. 

25 I Quitellfr of f course be appropriate a^^ 
26 

27 

28 Quite different dimensions may of cours e b e appropriate acco r ding to the 

29 requirements for th e st ee ring device. 
30 
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1 A mounting bore 13 is formed in the mounting block 10 outside the pressure 

2 chamber 1 1. It extends from the outer wall of the block 10 to the through bore in 

3 which the steering shaft 20 is located. The bor e 13 contains a s e nsor 35 which 

4 may for exampl e comp r ise the ends of a fibr e glass sensory mechanism. 

5 |T3heimte^ 

6 ends df >al^ 
7 

8 

9 In this particular region the outside of the shaft 20 is provided with marking 30. 

10 jjThe marking 30 comprises microstructures 31 arranged on top of the shaft 20. 

1 1 These are coded axially of the shaft 20 so that different bit patterns pass below the 

12 sensor 35 when the shaft 20 moves longitudinally relative to the mounting block 

13 10. The signals from the s e nsor 35 are passed to an electronic circuit 40 (not 

14 specifically shown in Fig.The; signals, from the sensor 35 are ^^s^ ^^ 

15 jlife^ l^^ 1). The circuit 40 can then 

16 determine and transmit the position of the shaft 20 relative to the block 10 from 

1 7 the readings of the sensor 35. 
18 

19 

20 Apart from the longitudinal movement of the shaft 20 other movements of the 

2 1 shaft are not important for the steering mechanism. Hence nothing concerning any 

22 rotation of the shaft 20 is shown in Fig.; Hence nothing concemihR any rotation 

23 of the; shaft 20 is shoy/n in FIGi 1 .-jjAny versions which ensure that the pinion 22 

24 runs appropriately over the steering rack 21 are possible here. 
25 

26 

27 Anoth e r, a l t e rnat i v e e mbodim e nt i s shown i n F i g. 2 i n a v ie w sim il ar to 

28 Fig. 1. 

29 l^otM?? is shown inJFIG. 2 in^a yiew si^ 

30 FI©.lJ 
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1 

2 Here again the mounting block 10 will be recognised, with th e pressure chamb e r 

3 11 and hydraulic oil 12. 

4 In FIG, 2 the mounting block 1 0 will again be recognized, along wi^ 

5 pressure chamber 11 and hydraulic oil 1 2 J The steering shaft 20 with the rack 2 1 

6 again passes through the block 1 0 and chamber 1 1 . H e r e too the pinion 22 drives 

7 th e rack 2 1 .Here too, the pinion 22 drives the rack 2 1 J A piston 23 which can 

8 move inside the pressure chamber 1 1 is also seated on the shaft 20. 
9 

10 
11 

12 In cont r ast with Fig. 1 not only a mounting bo r e 1 3 but also a furth e r mounting 

13 bo r e 14 are provid e d outside the p ressure chamb e r 11. 
14 

15 Ih eo^^ 

16 pother mounting bore H4 ismlso provided outside the pressure chamber I l\j 
17 

1 8 This difference enables two sensors 35 and 36 to be provided. Redundant 

19 or complementary mic r ostructurcs 31 of the marking 30 or microstructures 

20 double-coded in anothe r form can therefore be read out. Red undant; oil 

2 1 bomplementjai^ microstrucUires 3 1 of the marking 30 or mi crostmctures double- 

22 poded in another form can, th erefore, be read out. [The sensors 35 and 36 are 

23 preferably fibre optic reflection ones. The light source for the reflection sensors 

24 is formed by light-emitting diodes (LEDs), which are spectrally adapted to the 

25 hydraulic oil 12 used in the pressure chamber 11. Pentosin may preferably be 

26 employed as the hydraulic oil 12. 
27 

28 

29 The pressure p of the hydraulic oil 12 in the pressure chamber 1 1 is regulated by 

30 valves in a valve control housing (not shown). 
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1 
2 

3 The st e ering s haft 20 is sea le d at th e op e nings where i t pa33ea i nto and 

4 out of th e pr e ssur e chamb e r 1 1 by s e a l s 24, part i cu l ar l y 

5 V i ton seals. 

! — ~ ; — ■-- — - ; — — ; - r •-; „.„.., : ,„„ . — „. — . ^ 

6 The steering^shaft 20;is sealed at the openings where it passes ihtd and out 

7 jof the forejssure^ for example Viton seals, lit thus has a 

8 central position corresponding to the steering angle 0°. This is indicated as central 

9 position X<» in Fig.This is indicated as centra! position Xn in FIG; 2 - (Movement 

10 respectively to the right and left then takes place in the direction of steering shaft 

1 1 position +X (right) and in direction - X (left). These respective end positions 

12 correspond to a linear stroke which may typically be ± 75 mm. It results in 

13 different stop angles of the steering mechanism according to the type of vehicle. 

14 iThe linear stroke may also be smaller, e.g. ± 50 mm in individual cases, according 

15 to the type of vehicle. 
16 

17 

18 I I e re the two mounting bo r es 1 3 and 1 4 are arranged outside the p r essure chamb e r 

19 1 1, so the two individual senso r s 35 and 36 a re also ar r ang e d outside it. 

20 In^I^ 

2 1 P?gssn^£ 

22 butside it. jit is also possible to provide an integrated pair of sensors. 
23 

24 

25 I n anoth e r embodiment the 3en3or or s e nsors 35 and 36 may b e 

26 posit i on e d i nsid e th e pr e s s ur e chamb e r 1 1 . Th e s e nsor may th e n e .g. b e 

27 spac e d from th e st ee ring shaft 20 and p i ck up th e st ee ring shaft data as 

28 an optical s e nsor through th e hydrau li c oi l 12. 
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In another embodiment, the sensor or sensors 35 and 36 may be posit ione d 
inside the pressure chamber 1 1 . The sensor or sensors may then, for example, be 
spaced from4he steering shaft 20 and pick up the steering shaft data as an optical 
sensor throughlthe hydraulic oil 1 2. j 

This enables the senso r to p r ovide information about the turbidity of the hydraulic 
oil 12 in the chamb e r 1 1 as w e ll as reading th e mic r ostructurcs 3 1 of the marking 
30 on the steering shaft 20. 

[This enables the sensor to provide information about the turbidity of^the 
hydraulic oil 12iin the chamber 1 U as well as reading the microstnicturesMl^hej 
marking 30 on the steering shaft 20. jThe information can be used as a criterion 
for changing the oil 12.-[jA suitable transmitting wavelength for the optical sensor 
35 is selected according to the turbidity and spectral absorption of the oil 12.- J A 
system of this type operates even when dirty with abraded particles or an oil film, 
and preferably has suitable redundancy, fault tolerance and azimuthal tolerance 
for safety reasons. 



The sensors may be fibre optic sensors with two individual fib r es; as indicated in 
Fig. 2 the fibres may be parallel or inclined to each othe r to absorb incoming and 
reflected light (not shown). — However it is also possible to use fibr e optic 
reflection sensors in a Y structure or to take into account arrangements with fibr e 
lin e s o r fibre bunches. 

[The sensors may be fibre optic sensor s with two individual fibres. As 
indicated^in EIGc 2, theifibres may be parallel or inclined to each other toi absorb 
incomingandTeflected light (riot shown) . However, it is also possible to use fibre 
optic reflection sensors in a Y structure or to take i nto account arrangements with 
fibre lines or fibre bunches J 
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1 Th e s e nsors 35 and 36 or a 3en3or syst e m 37 (s ee T i g. 

2 [The sensors 35 and 36 or a sensor system 37 (see FIGi 3 for such a system) 

3 are employed as transmitters or receivers and may be coupled direct to the fibres 

4 by a particularly temperature-resistant installation and connection method. 

5 Alternatively they may b e arranged over a fe e d fibre located in a lowcr- 

6 t e mperatur e region. In another embodiment the sensor module is fabricated as a 

7 compact, miniaturised (mic r otechnical) module and mounted in th e system in 

8 order to simplify assembly. 

9 i Alternatively, they may be arranged over a feed fibre, located in a lower- 

10 temperature region; In another embod 

1 1 compacts mini at^ module and mounted in the system in 

12 lorder to simplify assembly^ 
13 

14 

15 In another embodiment (not illustrated) designed to increase reliability and 

16 avoid malfunctioning, two sensors 35 are juxtaposed azimuthally.-hjThese then 

1 7 sense two complementary bit patterns, both in the form of individual markings 30 

18 applied by the thin film method and arranged parallel, with corresponding 

1 9 microstructures 3 1 . 
20 

21 An embodiment of marking 30 with microstructur e s 3 1 is shown diagrammatically 

22 in Fig. An embodiment of marking 30 with microstructures 31 is shown 

23 diagrammatically in FIG: 3. Here the ste e ring shaft 20 is rep r oduced purely 

24 diagrammatically as a cut-out; it extends parallel with the x-direction indicated. 
25 

26 Herej J:heisteefihgfshaft 20 is reproduced purely diagfamm 

27 extends parallel with the x-direction indicated J 
28 

29 
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1 A sensor system 3 7 with an array of fibre optical Y branches 3 8 can further 

2 be seen. It has a module A for generating and coupling t he light 5 1 into the input 

3 or coupling-in fibres 39 of the fib r e optical Y branching clement 38l t _has_a 

4 module "A" for generating and coupling the light 5 1 into the input or couplihg-in 

5 Ifibrefr 39^6f the fibre optical Y branching element 38 j 
6 

7 A modul e D is also provid e d, with an array arranged in the y-direction of lenses 

8 52, particularly microlenscs, for generating parallel output beam pencils. — A! 

9 r^dule/^B" is also provided, with an array arranged in the y-direction of lenses 

1 0 |52, particularly microlenses, for generating parallel output bea m pencils. jThe 

1 1 output beam pencils 53 fall onto the microstructures 3 1 of the marking 30 on the 

12 steering shaft 20. These microstructures 31 form a succession of sequences. 

13 Position-specific selective retroflection takes place. The retroflected light passes 

14 back through the lenses 52 into the fibres of module B and thence to a module C 

1 5 for uncoupling and detecting the light 55 retroflected and leaving the fibre optical 

16 Y branching element 38. 
17 

18 Moreover in Fig. Moreover in FIG J 3: 
19 

20 ± x is the axial direction, i.e. the direction of movement of the steering shaft; 

21 ± y is the azimuthal direction, i.e. the direction in which the position-specific 

22 bit pattern is arranged; and 

23 z is the direction in which the sensor system is installed. 
24 

25 Coordinates x and z are orthogonal to each other; coordinate z points in the 

26 direction of the tangent to the surface of the steering shaft 20 which is orthogonal 

27 to x and z. 
28 
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1 Fig. 4 shows a detail from Fig. 3, namely a first version of a transmitting and 

2 coupling-in module A with a singl e source 51, a single lens 52 and a bunch of 

3 coupling fib r es 39 of the Y branching clement 38. 
4 

5 Fig. 5 shows an alternative to Fig. 4, a different version of a transmitting and 

6 coupling-in module A with an array of l e nses 52. FIG. 4 shows a ? detaifefrQm 

7 Fiji. 3^najnel^aifii^t^v;ersion of atransmitting and coupling-in module 'W'Mtli 

8 a singlefsource 5 1 , a single lens 52 and a plurality of coupling fibres 3 9 of the ¥ 

9 br^clm 
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1 FIG. 5 shows an alternative to FIG. 4, a different version of a transmitting 

2 and^coupling^ with an array of lenses 52i The fibres are bunched 

3 then separated again as coupling fibres 39 of the Y branching element 38. 
4 

5 Fig. 6 shows anoth e r detail f r om Fig. 3, nam e ly an embodiment of an uncou p ling, 

6 rec e ption and assessment module C with uncoupling fib re s 54 bunched along a 

7 certain length, an array of l e nses 52, a line of detectors 56, th e el e ctronic circuit 

8 40 with th e e lectronic assessment m e ans and th e output signal 60 with the 

9 "position of th e st ee ring shaft". 
10 

1 1 Fig: FIG. 6 shenys ano^ FIG. 3; namely an embodimentiof an 

1 3 j&ujj^ 

1 4 jelectrpn^ 

15 j60|witHffi 
16 

17 FIGJ 7 shows 8-bit coding in a radial direction and periodic displacement 

18 marks in an axial direction. 
19 

20 Fig: FIGj 8 shows an example of an arrangement of blocks with individual 

21 coding. 
22 

23 Fig. 9 shows an example of an ar r angement of diffe r ent structur e s e quenc e s and 

24 a guide structure with periodic division fo r t r acking in th e event of azimuthal 

25 displacement. 
26 

27 Figs 10 to 14 show e mbodim e nts of p ossible methods of producing th e 

28 microstructurcs 3 1 . FIG. 9 shows an example of an arrangement of different 

29 structure sequences and a guide structure with periodic division for tracking with 

30 azimuthaitfdisplacement. 
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2 ^i^^^^^^^p^^A coded pattern is produced on a basic member 81, which 

3 may also be the steering shaft 20 or another device non-positively coupled thereto. 

4 gFor a version where detection is to take place by optical blanking of the patterns 

5 the basic member 8 1 is surface-treated with a focused laser beam, so that laser- 

6 ablative processes at the point of action cause stripping and thus lasting marking 

7 (cf. Fig«fe 10). 
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1 

2 Eximcr lasers arc preferably used for the purpose owing t o the high resolution. 

3 The pattern thus produced can then be covered with a friction and wear-r e ducing 

4 film. This is shown in Fig. Eximer lasers are preferably used^for this^purpbsej 

5 jowingrt^t ^ The pattern thus produced can thembei covered 

6 jwith a friffi 82, as shown in FIGJ 11. A metal-dop e d 

7 amorphous hydrocarbon film is eminently suitabl e as such a covering film in th e 

8 region of the stee r ing shaft; it is applied in a thickness of 0.5 to 5 \im by known 

9 plasma-supported FACVD processes (magnet r on sputtering processes with a 

10 substrate bias and a hyd r ocarbon gas, preferably Q^^A^ 

1 1 hydroicarboh film is well suited as such a coyering film in the region of the 

1 2 steering sh^ to 9 jim by known 

1 3 plasma-supported PAG VP processes (magnetron sputtering processes with a 

14 s^Ml^^i^ Titanium or tungsten is 

15 preferably employed as the doping metal for this application. The metal-doped 

16 amorphous hy drocarbon lay e r may for example be produced using a L e y bold larg e 

17 capacity — sputtering plant, model Tritec 1000 — with two tungst e n targets 

1 8 mstattecb§Jjte 

1 9 jprocluced using-a Ley bold large capacity sputteringipknt^modelTtitec 1000 

20 two tungstenj targets installed] The plant has a rotary holder which can 

21 accommodate up to 20 steering shafts according to the equipment. After the 

22 normal pumping process whereby the chamber is pumped out to about 1 0" 5 hPa, 

23 argon is admitted up to a pressure of 3 x 1 0 3 hPa and the substrate is surface- 

24 cleaned by ion bombardment at a bias potential of 100 to 300 V. The targets are 

25 pre-sputtered at about 6 KW in the process. A graded film of tungsten-doped 

26 hydrocarbon is formed without interrupting the plasma, by opening the target 

27 covers and successively adding C 2 H 2 to the process. A few minut e s later the C g-Hg 

28 gas flow is adjusted to b r ing the r atio of tungsten to carbon in the layer to 5 to 

29 1 0%. During the production of the metal-doped amorphous hydrocarbon film the 

30 subst r ates arc coupled with a bias poten t ial of from 100 to 300 V, preferably 200 
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1 V. Unde r these conditions a film thickness of 1 \xm is applied in half an hour.j Aj 

2 few minutes later the Gjlbjr gas flow is adjusted to bring the ratio of tungsten to 

3 carbon in the layer to 5 - 10%. . Dicing t^ of the metal-doped 

4 amo rphous hydrocarbo n film the su bstrates are coupled with a bias potential of 

5 from about 100 to 300 V, preferably 200 V. Under these conditions a film 

6 thickness of about 1 |im is applied in half an hour J 
7 

8 Other solutions explaining th e us e of a structured film a r c shown in Figs 12 to 14. 

9 The film structure may be utilised for different s e nsing principl e s. In the case of 

10 optical detection film structures may e .g. hav e an appropriat e contrast (su r face or 

1 1 e dg e contrast) with the surrounding surface. The film structure may howeve r b e 

12 produced from a magnetic material and read by m e ans of a magnetic s e nsor or a 

13 magnetic sensor matrix. In that case a magn e tic film is used, pr e ferably a film of 

14 CoSm or FeSi o r NdFcD with or without additives. 
15 

16 The steering shaft 20 or basic clement 81 is coated in a vacuum process, in this 

17 cas e with two films 83, 84, the lower film 23 r espectively being a metal-do p ed 

18 amorphous hydrocarbon film onto which a TiN film is deposited. QftCT solutions 

1 9 explaining the^use of a structured film are : shown in FIGS. 12 -44 «heffilm 

20 Structure may be utilized fbr^ifferent sensing principles. Inj the case qf optical 

2 1 detection, filmfs e.g. have ah appropriate coritr^t (surface or edge 

22 jroritrast) wi th j fl^ surface. jThe fi^ 

23 produced from a magnetic material and read by means of a magnetic-sensor or a 

24 nrag^^ 

25 of CoSrn or FeSi or NflFeE , with or without additives; 
26 

27 The steering shaft 20 or basic element 81 is coated in a vacuum process 

2 8 in this case with two films 83, 84, the lower film 83 respectively being a metals 

29 doped amorphous hydrocarbon film onto which a TiN film is deposited. 1 The 

30 thickness of the upper film 84 is approximately 0.5 (am. TiN is preferably used in 
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1 combination with a Ti-doped hydrocarbon film. The ethine is merely substituted 

2 by nitrogen, again without interrupting the plasma. The film 84 is structured by 

3 photo-lithography, by coating the coated ste e ring shaft 20 with a photosensitive 



17 
18 



4 reststnyFhe film 84 is structured by photo-lithography, by coating the coated 

5 steeringf shafti20 with a photosensitive resists It is approximately 2.5 |im thick.- 

6 The patterns are then produced over a large area on the shaft by means of a mask. 
7 

8 Wh e n th e r e sist has dev e loped the TiN film 84 is removed from places where th e re 

9 air no photosensitiv e resist patterns, by wet-ch e mical etching using known etching 
10 agents. 

11 

12 Patterns may also be made count e rsunk, i.e. planariscd, as shown in Fig. 13. In 

13 that case the ste e ring shaft 20 is coated e.g. with a W-dop e d amo rp hous 

14 hydrocarbon film 85, after which a photoresist pattern is form e d on it. 



1 5 the^resistlp^em has developed, the TiN film^84, i slremov ed from plfoek where 
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1 9 jue. pla^^^ in 

20 FI@. 13. Imsuch a case^the steering shaft 20 is coated with, for ex^ple^W^ 

21 Hoped amorphously drocaA 8 5 , after which a photoresist pattern i^foi^ 

22 pn^ JBy means of photoresist masking a 0.2 - 1 .0 (am depression is then etched 

23 in the W-doped amorphous hydrocarbon film in a reactively conducted plasma 

24 etching process (etching gases Ar/SF 6 ). The photoresist mask is maintained and 

25 the depression is then refilled by sputtering e.g. TiN.-f lThis makes the surface even 

26 microscopically smooth. 
27 



28 A further e mbodim e nt is illust r at e d in Fig. A further embodiment is illustrated 



29 in FI©. 1 14, where a tribologically optimised film 86 for the previously described 

30 substructure is applied. In this case even film materials which do not necessarily 
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1 have good tribological pro pe rties may be used to form the pattern.In this casej 

2 bven film materials ^ do not necessarily have good tribological properties 

3 may b^ usedjotfonn the -patternj 
4 

5 An embodiment of a sensor 35 is shown in Fig. An embodiment of a sensor 

6 3 5 is i^wn m EIG j 15.- jThis is a magnetic sensor- It comprises a linear 

7 arrangement of magnetic sensors which can read a magnetic structure e.g. in an 8- 

8 bit code.4jThe polar structures of the reading head are shown; operating safety is 

9 improved and the number of codings increased by using a second line. Th e s e nsor 

10 35 may fo r example be made from known magn e toresistiv e or inductiv e single 

11 sensors produced by similarly known thin film methods. To minimise the spacing 

12 from the magnetic mic r ostructures on th e st e ering shaft 20 the polar structur e s of 

13 th e r e ading sensors are arrang e d on an arc matching the diam e ter of the shaft .The 

14 sensor 3 5 m^^fbr example, Be made from known magnetore^ 

1 5 single sensoi^siproduced by similarly known tKimfllm methods; To hiinimizeihe 

16 spacin^ffrom ttfe magnetic microstructures oh the steering; shaf£ 20, the , polar 

1 7 stnht^ on an arc matching *tlie diameter of 

is WMS 

19 

20 Lis t o f ref e renc e s 

21 
22 

23 4-6 mounting block 

24 -H pressure chamb e r 

25 +2 hydraulic oil 

26 -B mounting bor e 

27 -H mounting bore 

28 

29 20 steering shaft 

30 24 steering rack 
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1 22 pinion 

2 23 p iston 

3 24 seal 

4 

5 36 marking 

6 34 microstructures 

7 35 sensor 

8 36 sensor 

9 39 sensor system 

10 36 Y branching e lement 

11 39 coupling fibre 

12 

13 40 electronic circuit 

14 

15 5i sourc e 

16 52 lens 

17 53 output luminous pencil 

18 54 uncoupling fibr e s 

1? 55 — light 

20 56 detecto r line 

21 

22 66 output signal 

23 

24 M basic membe r 

25 £2 fihn 

26 «3 film 

27 «4 fihn 

28 §5 fifan 

29 «6 film 

30 
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1 A modul e 

2 B modul e 

3 G module 

4 

5 p pr essure 

6 3^ central po3ition 

7 +-X steering shaft position to the right 

8 steering shaft position to the left 

9 y aziniuthal direction 

10 z direction in which s e nsor is installed 

11 
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1 Claims 

2 
3 

4 It w illi be understood t hat various modifications may be made to the 

5 embodiments- disclosed herein. Therefore, the above description should not be 

6 construed- .as limiting, but merely as exemp>l ifications of a jpi^med 

7 embodiment^). Those skilled in the art will envision other modifications within 

8 the scope and spirit of the in ven tion J 
9 

10 S^l^^^^B^ 
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1 STEERING DEVICE FOR VEHICLES 
2 

3 SgBSTRA'CT 
4 

5 !A steering device Which includes c oded microstructures which are 

6 provided on the steering shaft and/or on adevice that is connected to the steering 

7 shaft in a non-positive manner; a sensor which detects the microstructures and 

8 jout putsi^SPsiatedM me and antelectronic circ uit" to ' vv^chsth e 

9 measuring, signals of the sensor are fed, and which outputs electronic signals toi 

p — -— — ~ — """"" + — '? ' 7 i 

10 coiitrafot^ 

11 rage 15, line 20: "hervorragend" may mean physically p r ominent o r excellent. 
12 

13 rage 15, line 11: "Dctcktionsmittcl" is probably a clerical error. "Dctcktion 

14 mitt e ls" makes mo r e sense. 
15 

16 German page 15, Fig. 9: "in the event of ? - alternativ e translation "with" 
17 

18 Figs 11,14 "further processing step" - Th e German is actually "cut" (Schnitt), not 

19 "step" (Schritt). 

20 Translator's Notes 
21 

22 -fc A steering device fo r vehicles, comp r ising a st e ering shaft (20), a s e nsor 

23 (35) for determining the mov e m e nt of said steering shaft, and a circuit (40) for 

24 evaluating the measuring signals of the sensor (35), 

25 characterised in that 

26 cod e d microstructures (31) are provided on th e st e ering shaft (20) and/or on a 

27 device that is connected to the steering shaft in a non-positiv e maimer, 
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1 that a s e nso r (35) is provided, which detects the microstructures (31) and outputs 

2 associated measuring signals, and 

3 that an electronic circuit (40) is provided, to which the measuiing signals of the 

4 sensor (35) are fed and which out p uts electronic signals for steering. 
5 

6 2: A steering d e vice acco r ding to claim 1 , 

7 characterised in that 

8 th e microstructures (31) form a succession of sequences arranged in an axial 

9 direction on the steering shaft (20) and/or the device non-positivcly connected 
10 thereto. 

11 

12 3: A steering device acco r ding to claim 2, 

13 characte r ised in that 

14 each sequence comprises multiple and/or single structures arranged spatially in an 

15 azimuthal and/o r axial dir e ction and containing individual or block-type coding. 
16 

17 4: A st ee ring device according to claim 2 or 3, 

18. characterised in that 

19 the sequences contain bit coding. 

20 

21 5: A steering device according to any of claims 2 to 4, 

22 characte r ised in that 

23 a plurality of sequences are combined in a block, the blocks being distinguishable 

24 from e ach othe r by coding. 
25 

26 6: A steering devic e acco r ding to any of claims 2 to 5, 

27 characterised in that 
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1 th e s e qu e nces arranged in an axial direction a r c p r esent in redundant form, offset 

2 parallel mo r e t han once over the periphery of the stee r ing shaft (20) and/o r device. 

3 

4 9: A steering device according to any of th e preceding claims, 

5 characterised in that 

6 the microstructures (31) are in complementary form. 
7 

8 & A steering device according to any of the preceding claims, 

9 characteris e d in that 

10 the smallest details of the microstructur e s (31) have late r al dimensions of 5 am to 

11 5 mm. 
12 

13 9: A steering device according to claim 8, 

14 characterised in that 

15 the smallest d e tails of th e mic r ostructures (31) hav e lateral dimensions of 1 \im to 

16 1 mm. 
17 

18 -Hfc A steering d e vice according to any of the preceding claims, 

19 characteris e d in that 

20 the microstructures (31) have a thickness of 5 nm to 1 nun. 

21 * 

22 -Hh A stee r ing device acco r ding to claim 1 0, 

23 characterised in that 

24 the microstructures (31) have a thickness of 100 nm to 100 \im. 
25 

26 i9r. A steering device acco r ding to any of the p re ceding claims, 

27 characterised in that 
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1 the microstructu r cs (31) have a level surface and arc levelled by a planarising 

2 method. 

3 

4 4-3: A st ee ring device according to any of th e prec e ding claims, 

5 charact e rised in that 

6 the mic r ostructu r cs are built up from or covered with tribological hard-material 

7 laye r ed systems. 
8 

9 -Hh A st e ering device acco r ding to claim 13, 

10 characterised in that 

11 the hard-material laye r ed syst e ms arc single films or multi-laye r films of TiN 

12 and/or TiAIN and/or TiCN films and/or aluminium oxide films and/or amorphous 

13 diamantinc hyd r ocarbon films with and without metal doping and/or amorphous 

14 CN films and/or cubic boron nitride films and/or diamond films. 
15 

16 +5: A steering device according to any of the preceding claims, 

17 characterised in that 

18 th e sensors (35) arc arranged in the form of a line and/or array. 
19 

20 +6: A steering d e vic e according to any of the pr e ceding claims, 

21 characte r is e d in that 

22 th e senso r s (35) ar e o p tical senso r s. 
23 

24 4-7: A stee r ing device acco r ding to claim 1 6, 

25 characterised in that 

26 the sensors (35) are optical fibreglass s e nsors. 
27 

28 -Hfc A steering device acco r ding to claim 1 7 
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1 charact e rised in that 

2 the senso r s (35) arc fibre-optical double or multiple sensors. 
3 

4 -Hfc A steering device acco r ding to any of claims 16 to 18, 

5 characte r ised in that 

6 the mic r ostructures arc in the form of a r eflection holog r am. 
7 

8 20: A ste e ring device according to any of claims 1 to 15, 

9 characteris e d in that 

10 th e sensors (35) are magnetic sensors. 
11 

12 2-h A st e ering devicie according to claim 20, 

13 characterised in that 

14 the magnetic sensors arc in a linear arrangement for reading a multi-bit code, 

15 particularly an 8-bit cod e . 
16 

17 22: A stee r ing device acco r ding to claim 20 or 2 1 , 

18 characte r ised in that 

19 th e sensor (35) has a r eading head with polar structures arranged on an arc 

20 ma t ching the diameter of the stee r ing shaft (20). 
21 

22 23: A method of making a st ee ring d e vice according to any of th e preceding 

23 claims, 

24 characte r ised in that 

25 th e microstructures on the steering shaft (20) or on th e d e vice non-positively 

26 connected to the shaft arc produced using thin film methods, and that structuring 

27 is effected by photo-lithographic m e thods. 
28 
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1 24: A method according to claim 23, 

2 characterised in that 

3 th e thin-film method is a PVD and/or CVD method. 
4 

5 2fn A m e thod according to claim 23 or 24, 

6 characte r is e d in that 

7 th e microstructurcs are formed by a dry etching process and/or a wet-chemical 

8 e tching process. 
9 

10 26: A method of making a steering de vice according to any of claims 1 to 22, 

11 characterised in that 

12 the mierostructures arc produced by a las e r beam proc e ss. 
13 

14 ¥h. A method acco r ding to claim 26, 

15 characte r ised in that 

16 the laser beam process used is a direct-writing lase r ablation proc e ss and/or a 

17 laser-lithographic process and/or a direct-action mask-related lase r -structuring 

18 process. 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
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